questionnaire was filled in at home and returned by mail. Since IC is rare in younger age groups, we restricted the analysis to participants aged 40-69 years; 9405 men and 10 343 women were included in the analyses.
Diagnosing intermittent claudication: validating the questions
Such questionnaires can identify only individuals with symptomatic arterial disease in the lower limbs. Thus, different combinations of the 12 anamnestic questions from the second questionnaire were previously tested in 333 randomly selected individuals while using an ankle-brachial pressure index (ABPI) of less than 0.9 as the gold standard for arterial occlusive disease (symptomatic and asymptomatic). 5, 7, 8 Four simple questions suitable for self-administration had comparable test properties to the WHO/Rose Questionnaire and the Edinburgh Claudication Questionnaire, and were consequently used to identify suspected cases of IC. 7, 9, 10 People with IC give a history of: (1) pain in one or both legs during walking; (2) pain located in the calf; (3) pain disappears when stops walking for a while; and (4) pain absent at rest. The questions had a specificity of 98.0% and a positive predictive value of 45.5%. 8 
Study factors
Individuals who had never smoked cigarettes daily were considered as never smokers and those who reported previous or current daily smoking were classified as former or current smokers, respectively.
Smokers were asked to report how many cigarettes they currently smoked per day or how many cigarettes per day they previously used to smoke. Smoking 20 cigarettes daily for 1 year equals one pack year. The number of cigarettes per day and the number of pack years were grouped into tertiles for the statistical analyses.
Information gathered on when participants started smoking and the time since smoking cessation was organized into three groups for the statistical analyses. Data on smoking among parents and partners were based on information gathered from the second questionnaire and the variables were dichotomized.
The total serum cholesterol level was measured in venous blood by the Liebermann-Buchard method and a fluorimetric method was used to determine blood levels of triglycerides. 11 High-density lipoprotein (HDL) was determined in frozen sera using the heparinmanganese method. 11 The ratio of total cholesterol to HDL was calculated and used to indicate the level of non-HDL cholesterol. 11 Blood lipid levels were treated as ordinal variables in the regression model.
A history of diabetes mellitus (both insulin dependent and noninsulin dependent) was assessed from the questionnaire, and we dichotomized this variable for the analyses. Blood glucose levels (mmol/l) and HbA1c (mg%) were measured in venous blood and these variables were treated as ordinal variables for the statistical analyses.
After a period of at least 10 minutes' rest in a quiet room brachial artery blood pressure was recorded with the person sitting and the blood pressure cuff on the right upper arm. 6 Recordings of systolic and diastolic blood pressures were rounded to the nearest 2 mmHg and analyses were based on the mean value of the second and third of three consecutive measurements. Systolic and diastolic blood pressures were analysed separately and these variables were treated as ordinal variables for statistical analyses.
Recordings of height and weight were standardized and performed by trained personnel. Body mass index (BMI) was computed as weight (in kg) divided by the height squared (in metres). The BMI was treated as an ordinal variable in the regression model.
Statistical analyses
The association between smoking and the prevalence of IC was estimated by multiple logistic regression analysis. The results were computed by gender and age. For standardization of age, 5-year categories were used as a co-variable in the regression model (e.g. participants aged 40-44 years category 1). The relevant exposure variables were treated as independent variables and the prevalence of IC as the dependent variable. This produced age-adjusted prevalence odds ratios (OR) with 95% confidence intervals (CI) for the association between smoking and IC. Treating each variable as an ordinal variable in the regression model, we computed p values for trend ( p trend) across exposure categories (tertiles).
The effects of potential confounding by diabetes, blood lipid levels, and diastolic or systolic blood pressure were assessed in subsequent multivariate analyses by comparing age-adjusted and multivariable estimates.
All statistical analyses were performed using the statistical software SPSS for Windows (release 11.07, Copyright SPSS Inc., [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] .
Results
A higher proportion of women (32.0%) than men (29.3%) reported current smoking ( Table 1) , but there was a tendency for men to smoke more cigarettes per day. Within each age group the prevalence of IC did not differ between men and women, and the ageadjusted prevalence of IC was 1.1% for men and 1.2% for women. 1 Both current (OR men ϭ 3.8, CI 2.1-6.7; OR women ϭ 2.2, CI 1.4-3.4) and former smokers (OR men ϭ 1.7, CI 0.9-3.2; OR women ϭ 1.7, CI 1.1-2.7) had a higher prevalence of IC compared with never smokers ( Table 2 ). Men (OR ϭ 4.6, CI 2.5-8.4) and women (OR ϭ 2.2, CI 1.4-3.5) who had smoked for more than 30 years had a higher prevalence of IC compared with never smokers. Furthermore, for both men and women, the prevalence of IC increased with duration of smoking (p trend Ͻ 0.001), and there appeared to be a reduction in the prevalence of IC by time since cessation (p trend Ͻ 0.001). Among individuals who had stopped smoking more than 20 years previously the prevalence of IC in men (OR ϭ 0.2, CI 0.1-0.5) and women (OR ϭ 0.4, CI 0.2-0.8) was substantially lower than in current smokers. In relation to age of starting smoking, however, we found no clear association for either men (OR ϭ 0.7, CI 0.4-1.4) or women (OR ϭ 0.8, CI 0.4-1.8).
For men who reported that they usually smoked 20 cigarettes or more per day, the prevalence of IC was higher (OR ϭ 1.7, CI 0.8-3.5) than in men who smoked fewer than 10 cigarettes a day (Table 3) . For women, however, there was no difference in the prevalence of IC between heavy and relatively light smokers (OR ϭ 0.8, CI 0.4-1.7). Currently smoking men who a Cut-off points for tertiles of duration of smoking were 18 and 30 years for women and men (current and former smokers). b Cut-off points for tertiles of time since quitting smoking were 10 and 20 years for women, and 9 and 20 years for men (former smokers). c Cut-off point for tertiles of age when started smoking were 18 and 20 years for women, and 16 and 19 years for men (current smokers). d p values for test of trend by logistic regression model when variables treated as ordinal variables. IC, intermittent claudication; OR, odds ratio; CI, confidence interval; T, tertile. T1 is the lowest tertile and is used as a reference in the regression analysis.
had smoked more than 22 pack years were 3.5 times more likely to report symptoms of IC compared with men who had smoked 13 pack years or less (OR ϭ 3.5, CI 1.3-9.3). For former male smokers, those who had smoked more than 15 pack years had a 5.8 times (OR ϭ 5.8, CI 1.7-19.5) higher prevalence of IC compared with those who had smoked 6.5 pack years or less. In women, pack years of smoking was not clearly associated with the prevalence of IC.
Men and women who had lived with smoking parents during childhood were more likely to have IC than those who grew up in smoke-free homes (OR women ϭ 1.5, CI 1.1-2.3; OR men ϭ 1.5, CI 1.0-2.3) ( Table 4 ). Men whose partners usually smoked were more likely to have IC than men whose partners did not smoke (OR ϭ 2.1, CI 1.3-3.3). A similar, but weaker, tendency was observed among women (OR ϭ 1.4, CI 0.9-2.1). However, for both men and women, adjustment for current smoking fully attenuated these associations, suggesting that the effect of passive smoking is most likely confounded by their own smoking. a Cut-off points for tertiles of number of cigarettes each day were 10 and 20 years for women, and 10 and 20 years for men (current smokers). b Cut-off points for tertiles of pack years, current smokers, were 10 and 16 years for women, and 13 and 22 years for men. c Cut-off points for tertiles of pack years, former smokers, were 3.0 and 8.3 years for women, and 6.6 and 15.0 years for men. d p values for test of trend by logistic regression model when variables treated as ordinal variables. Abbreviations: refer to Table 2 . T1 is the lowest tertile and is used as a reference in the regression analysis. Potential confounding by systolic or diastolic brachial artery pressure, BMI, diabetes and blood lipid levels was assessed in multivariate analysis, but the results did not substantially change after adjustment for these factors (data not shown).
Discussion
In this cross-sectional study of an unselected population of men and women, we assessed the association between smoking and the prevalence of IC. Most large population studies of IC date back more than 30 years, and most authors report gender differences in the prevalence and incidence of IC as well as for smoking habits. [12] [13] [14] [15] [16] However, the prevalence of IC is now similar between men and women. 1 We observed equally as many male and female smokers, and both male and female current and previous smokers were more likely to suffer from IC compared with never smokers. 17, 18 Our findings also indicate that, subsequent to smoking cessation, the prevalence of IC was gradually reduced. We found no clear association between passive smoking and the prevalence of IC. 19, 20 In cross-sectional studies, exposure and outcome variables are measured simultaneously. Therefore the exposure variable may be interpreted only as a cause of IC if it can be assumed to be probable that the exposure was present before the disease occurred. Most current smokers in this population had a smoking history of at least 20 years at inclusion and furthermore, the prevalence of IC increased by age. That smoking is a cause, and not an effect, of IC is therefore highly likely.
Potentially, a self-administered questionnaire can identify only the symptomatic patients with peripheral arterial disease. 18 Consequently, we tested the responses to the questions (only symptomatic participants) by using an ABPI of Ͻ0.9 as the gold standard of peripheral occlusive disease (symptomatic and asymptomatic), which yielded acceptable test properties. 1, 8 Symptoms of IC may be manifest with other diseases. Consequently, misclassification is likely to occur unless the suspected diagnosis is verified by objective diagnostic measures. The prevalence of IC varies between countries and it is therefore likely that the test properties of self-administered questionnaires designed to capture IC may vary. 18 Thus, validation of questionnaires that are used to identify individuals with suspected IC in population studies are required. 10 Compared with nonsmokers, we observed a higher prevalence of IC in men and women after 16 and 18 years of smoking, respectively. Continuous smoking for more than 20 years was associated with an even higher prevalence in men, but not in women. Among those who had smoked for more than 20 years, however, women were less likely to be heavy smokers, and this may explain the gender difference.
The prevalence of IC would most likely have been higher if individuals over the age of 69 years had been included. However, previous experience had indicated that these people may have problems with attending for a physical examination and with filling in comprehensive questionnaires. Another factor that may have contributed to the relatively low prevalence of IC in this study is that patients with hip and thigh claudication were excluded. However, including this group would have reduced the validity of our questionnaire because similar symptoms may occur in some orthopaedic conditions. 8 A dose-response relationship between smoking and peripheral arterial disease has been observed in some studies. 21 In the present study we found that the prevalence of IC was associated with the amount of daily smoking among men, but this association was not evident for women. Others have observed that women may tend to underreport their smoking, and this may also have been the case in our study. 22, 23 It should be noted that, in our data, 83% of smoking women responded to the question on how many cigarettes they usually smoked or used to smoke, whereas 94% of the men answered to this question. However, this difference was not statistically significant (p ϭ 0.08).
Subsequent to smoking cessation, the prevalence of IC was reduced in both men and women, and similar findings have been reported by others. 24, 25 In men, this effect was evident 9 years after cessation, but only after 20 years in women. It is possible that the reported intensity of smoking may have influenced these results, and that the men tended to report a higher number of cigarettes smoked per day. In addition, more of the men had stopped smoking shortly before the study and, among those who reported symptoms of IC, the proportion who had recently stopped smoking, was particularly high. Since the 1980s, cessation of smoking among men has become common in Norway, as in many other western countries. However, the prevalence of smoking in women has followed a different pattern showing a steady increase.
In general, men start to smoke at a younger age than women, but we observed no association between age at starting and the prevalence of IC for either sex in our data. Very few participants started to smoke before 16 or after 23 years of age. Thus, most of the smokers had a smoking history of at least 20 years at inclusion in the study, so duration of smoking is probably more important than age at commencement.
Passive smoking is associated with an increased risk of coronary heart disease. 19, 20 However, to our knowledge, there are no available data on the influence of passive smoking on the prevalence of IC. We observed that both men and women who grew up with parents who smoked were more likely to suffer from IC compared with those who grew up in smoke-free homes. However, after adjustment for current smoking, the association between passive smoking and IC was fully attenuated in both men and women. The prevalence of IC in never smokers who lived with smokers was not different from the prevalence of IC in never smokers who lived with nonsmokers. We therefore conclude that there was no association between passive smoking and the prevalence of IC in this study. Nevertheless, having parents who smoke is associated with current smoking and is therefore associated with a higher prevalence of IC.
IC was previously more common among men and, simultaneously, there were more male than female smokers. 4, 17, 26 Over time there has been a marked change in smoking habits and in the present investigation we observed similar proportions of female and male smokers. We have previously noted that the gender difference in the prevalence of IC has been eliminated. 1 This further supports the association between smoking and IC among both men and women.
Our results support the suggestion that smoking is a part of initiating, accelerating and maintaining the atherosclerotic process that is the basis for lower limb arterial disease. 13, 27 Furthermore, duration of smoking is one of the key risk factors for IC, whereas cessation of smoking reduces the risk. Thus, the management of IC includes smoking cessation and the modification of risk factors that may delay further development of vascular occlusive diseases. 4 However, primary prevention of the disease is possible only among younger individuals; interventions for smoking cessation should therefore be promoted actively at a young age. 21, 25, 28 In summary, current but also previous smoking was shown to be strongly associated with the prevalence of IC. For both men and women the duration of smoking, regardless of the age when they had started to smoke, was positively associated with IC, and the prevalence of IC was gradually reduced after cessation of smoking. Passive smoking was in itself not associated with IC in this study.
